As evidence gathers of the ubiquity of charge and spin inhomogeneous phases in the cuprates, gaining insight into the physics of their emergence from a parent metallic state becomes of great importance. Here we report on the discovery of a 'hidden' ordered phase between charge-stripe order and (pseudogapped) metal in the low-temperature tetragonal phase of the cuprate La 2−x−y Eu y Sr x CuO 4 . The peculiar properties of this intermediate phase are revealed through three complementary experiments: nuclear quadrupole resonance of copper nuclei in the Cu-O planes, nonlinear conductivity, and heat capacity measurements. We demonstrate that the hidden order appears through a well-defined, sharp phase transition, which is separated from changes in the crystal structure. A comparison of our results to existing theories of charge stripe melting indicates that the hidden order might be a state without broken translational symmetrya charge nematic -with strong nematic fluctuations observed already in the precursor metallic phase.
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It is well known that lanthanum cuprates in their lowtemperature tetragonal (LTT) phases have prominent charge and spin inhomogeneities in the form of static stripe order. The archetypal example is La 2−x Ba x CuO 4 (LBCO), where superconductivity is strongly suppressed by stripe order around x = 1/8, and separate charge and spin stripe ordering temperatures are observed in neutron scattering, transport and magnetic susceptibility [1] [2] [3] . However, in LBCO a structural transition to the orthorhombic phase abruptly suppresses static stripes, precluding any investigation of their intrinsic melting mechanism in the tetragonal setting. We therefore use codoped La 2−x−y Eu y Sr x CuO 4 (LESCO) as a model system for studying charge stripe melting, due to static charge stripes disappearing far below the structural transition temperature [4, 5] .
The first indication of the existence of an additional phase in LESCO is obtained from copper nuclear quadrupole resonance (NQR) experiments, specifically from measurements of NQR signal intensity in dependence on temperature. A decrease of Cu NQR signaltermed the 'wipeout' effect -has been observed in chargeordered phases of several cuprates, including LBCO and LESCO [6] [7] [8] [9] [10] [11] . In our experiments, strong wipeout also begins at the 'proper' charge ordering temperatures T CO -which agree with values obtained by resonant X-ray scattering [5] -but in addition a wipeout plateau is observed, extending 10 -20 K above T CO and ending significantly below the structural transition ( Figure 1) . We have carefully avoided or compensated for spurious effects influencing the NQR intensity: structural issues, spin-spin relaxation, and skin depth (see Methods and Supplementary Information), making us believe that the wipeout plateau is indeed due to electronic ordering effects.
A close relationship between stripe order and the intermediate phase can be inferred from the behaviour of transition temperatures at different doping concentra- wipeout plateau is the dependence of its height (compared to high-temperature values) on doping (Fig. 2 , empty squares), showing a trend different from the transition temperatures. If the plateau depth is taken as a measure of some order parameter, it appears that the intermediate phase either merges with the stripe phase or vanishes altogether at x ≈ 0.17. Interestingly, the LTT structure becomes unstable at similar dopings [5, 12] , although previous measurements do give indications of stripe order persisting up to x ∼ 0.2 [6, 9] .
As a local probe, NQR cannot tell us more about the long-range properties of the intermediate phase, or if it is a distinct state of electronic matter at all. Since there is no sign of the intermediate phase in X-ray scatteringwhich needs coherence lengths of at least a few nanometres -we conclude that the order is either short-ranged or possesses lower symmetry than charge stripes. This leads to two possible scenarios: phase separation, wherein nanoscale stripe-ordered 'bubbles' are mixed with regions of (pseudogapped) metal; or a lower symmetry phase ('stripe liquid'), with restored long-range translational symmetry, but with potential rotational symmetry breaking. To decide between the two possibilities we performed two additional experiments on the sample with x = 1/8 -nonlinear conductivity and heat capacity measurements.
Nonlinear conductivity is generally understood as the leading order correction to conventional Ohm's law:
where j is the current density, σ the linear conductivity, and σ 3 the leading nonlinear correction -if timereversal symmetry is not broken, only odd powers of E can enter relation (1). Due to high linear conductivity of doped cuprates, measuring σ 3 without significant unwanted heating effects is challenging. We have therefore developed a contactless pulse method [13] , wherein currents are induced in the sample at some frequency ω (typically ∼ 20 MHz) and the response at 3ω (which is proportional to σ 3 ) is detected. Results of such a measurement are shown in Fig. 3 , with two characteristic features clearly resolved: charge order below ∼ 75 K, where a nonlinear signal is expected due to either stripe pinning dynamics [14, 15] or glassiness [16] (to be discussed elsewhere), and the dramatic peak at T ? . We stress that the linear conductivity is smooth and almost featureless (see Supplementary Information). Yet small deviations from high-temperature behaviour were previously detected close to T ? even in linear transport measurements on LESCO [17, 18] . It seems plausible that they are another consequence of hidden order. The peak in σ 3 is highly suggestive of a diverging susceptibility at a phase transition. If a phase transition indeed occurs at T ? , it must have a signature in the specific heat, which we succeeded in detecting in a sensitive differential AC calorimetry experiment (see Methods and Supplementary Information). The results are shown in Fig. 4 , with two visible features -the structural transition at T LT T ∼ 130 K, and a distinct maximum close to T ? . A comparison of nonlinear conductivity and C p /T (inset) displays the concordance between transition temperatures.
Our combined experimental approach thus establishes the existence of a thermodynamically well-defined phase between charge stripe order and the metallic state in LE-SCO, which has not been detected before (or recognized as such). Furthermore, nonlinear response and specific heat strongly suggest that a distinct type of order exists in the intermediate phase. Namely, the hidden ordering is insensitive to structural disorder present in all doped cuprates, in contrast to stripes: orthorhombic twin domains create pinning centres for stripe order, making it glassy and 'smearing out' the stripe ordering transition [11, 19] . Thus the intermediate phase order clearly behaves in a qualitatively different way from charge stripes, either homogeneous or phase-separated. Although the nonlinear signal close to T ? might also be a dynamical, glassy effect [20] , we expect that this is not the case, for several reasons: the transition is sharp, which would be odd for a glass transition; within experimental sensitivity, we have not observed hysteresis or aging effects characteristic of glassy systems (including spin glasses, which do occur in cuprates at lower temperatures); and the peak-like signature in heat capacity indicates a true phase transition.
As the ordering at T ? is evidently rather unusual, we will attempt to find candidates for its explanation in existing models of stripe melting and the resulting strange metallic phases. Specifically, a recent theory [23] predicts a series of phase transitions between charge stripe order and Fermi liquid, possibly in line with our observations. In that scenario, the intermediate phase would correspond to a state with broken rotational symmetry -a nematic stripe loop metal, essentially a 'stripe liquid' with proliferated double defects (stripe loops), with a preferred direction (see schematic depiction on Fig. 3) . A related nematic order has been discussed extensively in strongly correlated systems [21, [24] [25] [26] [27] . Normally, rotational symmetry breaking can be detected through the resulting conductivity anisotropy, as e.g. in quantum Hall systems [28] , but in the tetragonal phase of LESCO the nematic ordering direction is expected to vary from one Cu-O plane to the next [2] , so that no macroscopic anisotropy appears in linear conductivity. However, under quite general considerations, an extended fluctuation- dissipation relation can be shown to directly connect the quantity |σ 3 | (kT ) 3 to higher-order, quadrupolar correlations [16] , which have the same symmetry properties as nematic order [16, 25, 29] . Also, a charge nematic has been shown to induce spin stripe fluctuations if the system is close to an antiferromagnetic instability [30] , which is the case in cuprates. Such strong local spin fluctuations would provide a natural explanation of the observed wipeout effect [7, 8] .
Curiously, the temperature dependence of |σ 3 | (kT ) 3 does not follow any scaling relation (although the small range below T ? precludes any strong conclusions there). Instead, it seems to possess a logarithmic divergence of the form |σ 3 | (kT ) Fig. 4) . Although it is difficult to reliably differentiate between a logarithmic dependence and possible corrections to scaling, either way we have an indication that any mean-field description of fluctuations above T ? breaks down. It is tempting to speculate that this is related to the most intriguing prediction of the theory of stripe melting [22, 23] -the existence of another exotic metallic phase between charge nematic and Fermi liquid, a 'stripe loop metal', which should exhibit strong quadrupolar fluctuations [23] and thus large σ 3 .
To conclude, we have experimentally established the existence of a 'hidden' ordered state in the tetragonal phase of the codoped cuprate LESCO. While the hidden order is interesting in its own right, the natural question to be asked is about the universality of such order in cuprates, and its importance for other well-known and still rather mysterious features in the cuprate phase diagram -pseudogap and superconductivity. Without further experiments, especially on orthorhombic cuprates like LSCO, it is difficult to give a reliable answer. In that context, one important point we wish to make is the power of using complementary experimental techniques -local probes like NQR, and unconventional transport measurements, like nonlinear conductivity -in detecting strange metallic phases and translationally symmetric order. In this respect our work opens broad possibilities, and similar investigations could resolve long-standing issues in cuprate physics, especially concerning nematicity and pseudogap. However, while evidence mounts that stripe-like order is ubiquitous in cuprates, it is hard to believe that stripe (and related) fluctuations are responsible for all features in the phase diagram. Yet our detection of an additional ordered phase connected to stripe order is strong indication that stripe melting is an intricate process when fully developed static stripes are present, and it is imaginable that phases akin to our hidden order might be common even in cuprates where stripe order remains fluctuating. Methods. For all experiments high quality single crystals of LESCO were used, with typical dimensions of a few mm 3 . NQR intensities were obtained by measuring the spin echo signal at the peak of the 63 Cu A line in LESCO [11] and correcting for spin-spin decay; the entire lineshape was not integrated because it is known that it almost does not depend on temperature (especially in the limited ranges we have in our experiments): the Cu NQR lineshape remains the same all the way from T LT T down to very low temperatures, where it changes drastically due to spin order [11] . Even if a small broadening of the line occurs, it can not account for the large wipeout -already in the intermediate phase the signal is a factor of ≈ 2 smaller than at high temperatures. The structural transition is close to 130 K in the entire investigated doping range [5, 12] and thus cannot influence the results. Due to high conductivity, the skin depth in LESCO is below 10 µm (at the NQR frequency of ∼ 36MHz) in all investigated samples, making he NQR signal small. We stress that the changes in conductivity at MHz frequencies are of the order of 10% in our temperature range, too small for the change in skin depth to account for the modified NQR signal.
The nonlinear conductivity setup and measurement procedure are described in detail in Ref. [13] . In experiments on LESCO we have used RF pulses at an excitation frequency of 18.8 MHz, with pulse lengths of 50 µs, repetition time 8 ms and maximum pulse power ∼ 100 W. Measurements were performed with the power varying from 10% to 100% full power, and the low power points adjusted to match at all temperatures to avoid baseline drift. Error bars reflect the accuracy of this adjustment.
Specific heat was measured in a differential configuration, wherein the sample was mounted on one of two equal millimeter-sized platinum resistors. Upon applying a low-frequency (0.8 Hz) alternating current to the resistors, we measured the voltage phase difference on the resistors -which is directly proportional to the 1/C p of the sample -in dependence on temperature. The temperature swing of the sample was estimated to be ∼ 1% of the nominal temperature at the given moment. Due to this, the method neccesarily averages the signal over ∼ 1 K, meaning that the peak at T ? might be even sharper in reality. For further details, see Supplementary Information. 
Supplementary Material
Linear response. The linear conductivity of selected LESCO crystals was measured in the radiofrequency range, to show that the hidden order is almost invisible in linear response. The setup used for these measurements was very similar to the nonlinear setup described in Ref. [1] , but instead of two RF excitation/detection circuits possessed only one resonant LC circuit. Its Qfactor was significantly increased in comparison to the Q-factor of the nonlinear detection circuit of Ref. [1] to enhance sensitivity. Thus the setup is very similar to the well-known microwave conductivity experiment [2, 3] , but with an LC resonator in place of a microwave cavity. The entire LC circuit was kept in liquid helium to minimize temperature-dependent background, while the sample was in vacuum on a controlled temperature holder. The c-axis of the samples was aligned with the coil axis, so that circular currents were induced in the Cu-O planes, just as in the nonlinear conductivity measurement. The measured quantity is the LC circuit Q-factor, which is proportional to the sample conductivity in the skin regime [2, 4] . A strong downturn in the conductivity is observed close to T CO , but a deviation from the high-temperature linear behaviour is already seen several K above T CO (Fig. 5 ), in line with the results presented in the main paper. Similar features are detected in Nernst and DC resistivity measurements on LESCO with x = 1/8 [4, 5] . Importantly, the small change in conductivity is not capable of causing a large Cu NQR signal reduction due to skin depth modification. We emphasize the sharp contrast between linear transport, which is almost featureless close to T ? , and the strong divergence of the nonlinear conductivity, nicely demonstrating the unconventional nature of the ordering at T ? .
Heat capacity. The specific heat of LESCO-1/8 was measured using AC calorimetry [6] , but in a highly sensitive differential arrangement. In our experiments, we applied a low frequency (0.83 Hz) sinusoidal voltage on two platinum resistors connected in a bridge configuration (Fig. 6 ), which served both as heaters and as temperature detectors. Both resistors were suspended on thin manganin wires and kept in a helium variable temperature insert (VTI) from Oxford Instruments, which was used to change the equilibrium temperature of the system. The sample was mounted on one of the resistors with the help of a small amount of Apiezon N grease to increase thermal contact. Measurements were performed very slowly (VTI temperature sweep rate below 0.1 K/min) to ensure the equilibration of the system and make the temperature change much slower than the frequency of the AC calorimetry measurement. The AC amplitude on the sensor circuit was of the order of 1 V, caus- ing the platinum resistors to periodically change their temperature with an amplitude of ≈ 1 % of the nominal (VTI) temperature.
The specific heat was obtained from a measurement of the voltage difference on the resistors using a lock-in amplifier, which can easily be shown to possess a component proportional to 1/C p [6] . The setup was not calibrated to measure absolute values of C p (hence the arbitrary units in Fig. 4 in the main paper) since we are only interested in temperature-dependent features of C p and not its absolute value. The smooth background is thus mainly due to the sample itself, but probably includes some effects of the characteristic of the platinum resistors and the small difference between the two chips. For us it was important to observe (relatively sharp) features at the structural transition T LT T and the hidden ordering temperature T ? , so we took no special measures to subtract the background. The step-like feature at T LT T (which agrees precisely with values from X-ray scattering [7, 8] ) is a convenient demonstration of the sensitivity of the method, and at the same time clearly shows that the ordering at T ? is distinct from the structural effects in the vicinity of T LT T . Figure 6 . The specific heat measurement setup with simplified schematic. The two resistors are identical PT100 platinum chip resistors (standard tolerance 0.05%). Two 1 kΩ 20-turn potentiometers are used to compensate for small inequalities in the two resistor circuits, and a low-frequency digital lock-in amplifier was used to measure the differential voltage on the two platinum sensors.
